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The Reliability and Validity of a Clinical Assessment Tool to Measure Scapular Motion in All 1 
Three Anatomical Planes 2 
 3 
 4 
Context: A single clinical assessment device that objectively measures scapular motion in each 5 
anatomical plane is not currently available. The development of a novel electric goniometer 6 
affords the ability to quantify scapular motion in all three anatomical planes. 7 
Objective: Investigate the reliability and validity of an electric goniometer to measure scapular 8 
motion in each anatomical plane during arm elevation. 9 
Design: Cross-sectional. 10 
Setting: Laboratory setting. 11 
Patients or Other Participants: Sixty participants (29 females, 31 males) were recruited from 12 
the general population.  13 
Intervention(s): An electric goniometer was used to record clinical measurements of scapular 14 
position at rest and total arc of motion (excursion) during active arm elevation in two testing 15 
sessions separated by several days. Measurements were recorded independently by two 16 
examiners. In one session, scapular motion was recorded simultaneously with a 14-camera 17 
three-dimensional optical motion capture system. 18 
Main Outcome Measures: Reliability analysis included examination of clinical measurements 19 
for scapular position at rest and excursion during each condition. Both the intra-rater reliability 20 
between testing sessions and the inter-rater reliability recorded within the same session were 21 
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 2 
comparing the mean excursion values of each condition recorded by the electric goniometer to 23 
the 3D optical motion capture system. Validity was assessed by evaluating the average 24 
difference and root mean square error (RMSE). 25 
Results: The between session intra-rater reliability was moderate to good (ICC2,3: 0.628-0.874). 26 
The within session inter-rater reliability was moderate to excellent (ICC2,3: 0.545-0.912). The 27 
average difference between the electric goniometer and 3D optical motion capture system 28 
ranged from -7° to 4° and the RMSE was between 7-10°. 29 
Conclusions: The reliability of scapular measurements is best when a standard operating 30 
procedure is used. The electric goniometer provides an accurate measurement of scapular 31 
excursions in all three anatomical planes during arm elevation.  32 
Key words: Scapula, reliability, validity, measurement, shoulder 33 
Abstract word count: 299 words 34 
Manuscript word count: 3577 words 35 
Key Points:  36 
 This electric goniometer provides clinicians and researchers with a simple tool to 37 
objectively measure scapular position and motion in all three anatomical planes.   38 
 There was moderate to excellent intra-rater and inter-rater reliability for measuring 39 
scapular rest position and total excursion within and between testing sessions using the 40 
electric goniometer. 41 
 The electric goniometer proved to be a valid device to measure scapular motion in the 42 
transverse plane.   43 
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Motion of the shoulder complex consists of a combination of movement from the 45 
glenohumeral, acromioclavicular, and sternoclavicular joints, as well as the scapulothoracic 46 
articulation.1,2 Moving in multiple anatomical planes during humeral motion, scapula motion is 47 
integral to provide optimal function to the upper extremity.1–3 Alterations in scapular motion 48 
have been attributed to pathologies such as multi-directional instability, impingement, nerve 49 
palsies, rotator cuff tears, and biceps tendinopathy.4–6 50 
In order to understand how scapular motion contributes to upper extremity function, 51 
clinicians must be able to accurately quantify scapular motion. Currently, the gold-standard for 52 
evaluating multiplanar scapular motion includes bone pins, radiography, and magnetic 53 
resonance imaging.2,7–9 Non-invasive reference-standards for tracking scapular kinematics such 54 
as video-based three-dimensional (3D) motion analysis and 3D electromagnetic tracking have 55 
been validated to the gold-standard methods.8,10 Though proven to be accurate for measuring 56 
scapular motion, these techniques have their drawbacks such as the lack of availability to 57 
clinicians, invasive nature, complex computation, expense, and restriction to a laboratory 58 
setting.  59 
To overcome the limitations of laboratory-based methods highlighted above, clinical 60 
assessment techniques are necessary to measure scapular motion in the clinical setting. 61 
Further, reliable and precise objective scapular measurement can guide treatment plans and 62 
rehabilitation efforts of upper extremity pathologies. The objective assessment of scapular 63 
motion has been examined in previous literature.11–14 Both observation and palpation-based 64 
techniques have been examined, however, the observational approach lacks objective 65 
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 4 
referenced digital inclinometer, first investigated by Johnson et al.,13 demonstrated good to 67 
excellent intra-rater reliability (ICC3,1: 0.89-0.96) and moderate to good validity (r= 0.59-0.73) 68 
for measuring the scapular motions of upward and downward rotation in the frontal plane 69 
during arm elevation.15 Subsequent research by Scibek and Carcia14 further investigated the 70 
gravity-referenced digital inclinometer to measure the scapular motions of anterior and 71 
posterior tilt in the sagittal plane during arm elevation and reported excellent intra-rater 72 
reliability (ICC3,1: 0.97-0.99) and moderate to good excellent validity (r= 0.63-0.86).
15 These 73 
findings, supported by subsequent studies, serves as grounds to demonstrate the  use of 74 
gravity-referenced digital inclinometers as reliable and valid for measuring scapular motion in 75 
the frontal and sagittal planes.13,14,16–19 76 
While a digital inclinometer is a non-invasive and portable clinical assessment tool to 77 
objectively measure scapular motion in the frontal and sagittal plane, it is not capable of 78 
measuring the scapular motions of internal and external rotation in the transverse plane due to 79 
their reliance on gravity-referenced sensors. However, new advancements in the development 80 
of a novel electric goniometer, equipped with an inertial measurement unit (IMU), affords the 81 
ability to clinically measure scapular motion in the transverse plane. Similar to the angular 82 
rotation recorded by the accelerometer internal to the gravity-referenced inclinometer, the 83 
IMU captures angular rotations relative to a reference position created and stored by a tri-axial 84 
gyroscope and magnetometer. The additional two sensors allow the system to calculate angular 85 
rotations relative to any defined calibration position, which does not have to be in the line of 86 
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 5 
Currently, the ability to easily and accurately quantify scapular motion in all three 88 
anatomical planes with a single clinical device is not available. Although, a new electric 89 
goniometer, equipped with an IMU, has the capability to overcome this limitation, we do not 90 
know if this novel device is reliable or valid for measuring scapular motion in each anatomical 91 
plane. Therefore, the purpose of this study was to investigate the reliability and validity of an 92 
IMU-based electric goniometer to measure scapular motion during arm elevation. Reliability 93 
analyses sought to investigate the intra- and inter-rater reliability by examining the reliability 94 
characteristics of measurements across days and between examiners. Validity analyses sought 95 
to establish criterion-validity by comparing the measurements recorded by the electric 96 
goniometer to a validated reference-standard of 3D optical motion capture. We hypothesized 97 
that the measurements recorded from the electric goniometer would not exceed 10 of error 98 
compared to the 3D optical motion capture system, and the intra-rater reliability of each 99 
examiner between two days of testing would exceed an intraclass correlation coefficient (ICC) 100 
value of 0.80 while the inter-rater reliability between two examiners on a single day of testing 101 
would exceed an ICC value of 0.70. Establishing the reliability and validity characteristics of the 102 
electric goniometer will provide critical evidence regarding the utility of these IMU-based 103 
devices to measure scapular motion. If valid and reliable, these types of devices will provide 104 
clinicians with the ability to objectively measure scapular motion in the clinical setting. 105 
Methods:  106 
Participants:  107 
A sample of convenience generated a total of 67 inquiries from the general population 108 
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 6 
criteria that required participants to: be between 18-99 years of age, willing to attend two 110 
testing sessions separated by at least 24 hours, have the ability to lift their right arm to at least 111 
120 in the scapular plane, and have no current self-reported current medical restrictions 112 
relating to their upper extremity or spine.  An a priori power analysis conducted using Nquery 113 
V8.1 software (Statistical Solutions, Boston, MA, United States) prior to data collection 114 
indicated a sample size of 60 participants will have 90% power to detect a difference in means 115 
of 3 in scapular motion and minimize chance of creating a type II error.  116 
We identified and enrolled 60 participants (29 females, 31 males, mean age: 30  14 117 
years, height: 1.73  0.10 m, mass: 75.32  16.90 kg) who met inclusion criteria. All participants 118 
completed two testing sessions with an average time between sessions being 9 days. All 119 
participants were provided verbal and written descriptions of the study and signed informed 120 
consent forms prior to data collection. This study protocol was approved the University of 121 
Kentucky institutional review board (IRB #XXX). 122 
Materials: 123 
 The EasyAngle electric goniometer (Meloq AB, Stockholm, Sweden) was used to perform 124 
clinical measurements of scapular motion (Figure 1C). Prior to data collection, an upright 125 
homemade PVC pole was placed at 30 anterior to the frontal plane relative to the participant’s 126 
sitting location, marking the scapular plane. The participant was instructed to actively raise 127 
their arm with their wrist touching the PVC pole until they reached 120, confirmed with a 128 
standard goniometer. When the participant reached 120 of arm elevation, a quick-grip mini 129 
bar clamp (Irwin, Huntersville, NC, United States) was used to mark and physically limit 120 of 130 
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 7 
Level and Tool Manufacturing, Inc, Mequon, WI, United States) was used to calibrate the 132 
electric goniometer for measurements taken in the sagittal plane as described below.  133 
Three-dimensional motion capture was recorded with a Nexus 14-camera high-speed 134 
infrared video-based optical motion capture system (Vicon, Oxford, United Kingdom). Raw 135 
marker trajectory data was stored and reconstructed in Vicon Nexus software (Vicon, Oxford, 136 
United Kingdom). Reconstructed kinematic data were exported and analyzed in Visual 3D (v9 137 
Professional, C-Motion, Germantown, MD, USA). 138 
Procedures: 139 
 Clinical measurements were recorded with the electric goniometer independently by 140 
each examiner during arm elevation in the frontal, transverse, and sagittal planes. To facilitate 141 
consistency of clinical measurements between examiners, and to accommodate the placement 142 
of retroreflective markers used for 3D optical motion capture, a standard operating procedure 143 
was implemented. Specific to each anatomical plane in which measurement occurred, the 144 
standard operating procedure specified a calibration technique and the specific placement 145 
location for the electric goniometer based on several scapular landmarks. To measure scapular 146 
motion in the frontal plane, the electric goniometer was calibrated to the floor directly beneath 147 
the participant to represent zero degrees. The electric goniometer was placed on the scapular 148 
spine at the location of one third of the distance between the root of the scapular spine and the 149 
posterior acromion angle, as measured and marked with a cloth tape measure (Figure 1A), and 150 
oriented posteriorly (Figure 1B). To measure scapular motion in the transverse plane, the 151 
electric goniometer was calibrated using a perpendicular edge of a floor tile beneath the 152 
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 8 
on the scapular spine as described for frontal plane motion but oriented superiorly (Figure 1C). 154 
To record scapular motion in the sagittal plane, the electric goniometer was calibrated to the 155 
vertical I-beam square level to represent zero degrees and placed on the most prominent 156 
portion of the medial scapular border oriented laterally (Figure 1D).  157 
All participants began each trial seated in an upright position on a 35-cm tall stool with 158 
their feet flat on the floor. The motion of arm elevation was explained and demonstrated for 159 
the participant. The participant was able to practice the motion several times and ask questions 160 
prior to data collection. To begin each trial, the examiner applied the electric goniometer to the 161 
specified scapular landmark and asked the participant to assume an upright and relaxed sitting 162 
posture. The scapular rest position was recorded and then the participant was prompted to 163 
perform the desired condition. Upon completion of active movement, the participant held their 164 
final position for several seconds while the examiner measured the end scapular position. Total 165 
excursion values were calculated by subtracting the initial scapular position (rest) from the final 166 
scapular position (end) observed upon completion of motion. Three trials of active arm 167 
elevation were recorded for each scapular condition, totaling nine trials of motion for data 168 
collection. A constant pressure and contact were maintained with the scapular landmark during 169 
each movement. The order of anatomical planes was randomized prior to testing and the same 170 
order was used on both days of testing. Clinical measurements of scapular motion were 171 
interpreted following the guidelines set by the International Society of Biomechanics20 where 172 
positive scapular motion in the frontal, transverse, and sagittal planes occurs as downward 173 
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 9 
On one day of testing, 3D optical motion capture was recorded simultaneously as the 175 
clinical measurements. Surface reflective markers were attached to the participant using two-176 
sided tape following the procedures outlined by Chu et al8 (Figure 3) in a validation study of the 177 
marker-based motion capture model of scapular motion. A scapular acromial marker cluster 178 
(AMC) was created using a rigid triangular body and was applied to the posterior acromion 179 
process and medial to the posterior acromion calibration marker (Figure 1B). Recording 180 
scapular motion using and AMC has been found to have excellent within-session reliability 181 
(Intraclass correlation coefficient (ICC): 0.90-0.98) and a standard error of measurement (SEM) 182 
of 2.25° for active arm elevation, protraction, and retraction and has been validated against 183 
gold-standard technique such as dynamic radiography.8,21 Raw kinematic camera data was 184 
collected at 200Hz and smoothed using a lowpass Butterworth filter with a cut off frequency of 185 
6Hz. Joint coordinate systems and segment parameters for the trunk, pelvis, and scapula were 186 
oriented with the X axis pointed anteriorly, the Y axis oriented superiorly, and the Z axis 187 
oriented laterally (Figure 3).20 A Euler rotation sequence for scapular motion in the frontal and 188 
transverse planes was resolved as Y-X-Z and calculated relative to the thorax per the ISB 189 
guidelines.20  190 
Analysis:  191 
A test-retest design was used to examine the intra-rater reliability of the same examiner 192 
between testing sessions and the inter-rater reliability of two examiners within the same 193 
testing session for clinical measurements recorded with the electric goniometer. Both the intra-194 
rater and the inter-rater reliability of scapular measurements recorded during rest and 195 
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of motion. Intraclass correlation coefficients were interpreted as: <0.5 as poor, 0.5-0.75 as 197 
moderate, 0.75-0.90 as good, and >0.90 as excellent reliability.15 Measurement precision was 198 
determined by calculating the SEM and the minimal detectable change score at the 90% 199 
confidence interval (MDC90).
22  200 
 The criterion-validity of the electric goniometer to measure total scapular excursion in 201 
each anatomical plane compared to the reference standard of 3D optical motion capture 202 
system was completed using several approaches. First, a paired t-test was used to compare the 203 
average excursion of three trials of motion between the electric goniometer and the 3D optical 204 
motion capture. Alpha was set a priori ≤ 0.05, although a Bonferroni correction was applied to 205 
account for the three total comparisons of each condition in each plane. This correction 206 
reduced alpha to ≤ 0.017. Second, the root mean square error (RMSE) was calculated to 207 
determine error associated with electric goniometer compared to the 3D optical motion 208 
capture for each condition. Third, we calculated Bland-Altman plots to observe for the average 209 
difference and limits of agreement (LOA) between the electric goniometer and the 3D optical 210 
motion capture. The LOA was calculated by multiplying the standard deviation of the average 211 
difference by 1.96 to observe the 95% confidence interval.23 During analysis of the Bland-212 
Altman plots, a systematic average difference of -7° was observed for scapular excursions 213 
recorded by the electric goniometer compared to the 3D optical motion capture for scapular 214 
motion measured in the frontal plane. Therefore, a correction of adding 7 to the mean 215 
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 We observed moderate to good intra-rater reliability for determining scapular rest 219 
position and scapular excursion between testing sessions (Table 1). We observed good to 220 
excellent inter-rater reliability for measuring scapular rest position and moderate to good inter-221 
rater reliability for measuring scapular excursion within a testing session (Table 2).  222 
Validity: 223 
 Validity results are presented in Table 3. The Bland-Altman plots are provided as 224 
supplemental figures. Statistical significance was found between the mean scapular excursions 225 
recorded by electric goniometer and the 3D optical motion capture for in the frontal (p<0.001), 226 
transverse (p=0.015), and the sagittal plane (p<0.001). The RMSE ranged from 7-10, the 227 
average difference between -7 and 4 (Table 3). 228 
Discussion: 229 
 The present study sought to investigate the reliability and validity of the novel electric 230 
goniometer to measure scapular motion in each anatomical plane during arm elevation. The 231 
reliability aim was designed to investigate the intra- and inter-rater reliability of clinical scapular 232 
measurements across days and between examiners. The validity aim was designed to examine 233 
the criterion-validity of measurements recorded by the clinical assessment device compared to 234 
the reference-standard of 3D optical motion capture. The results from this study indicate the 235 
electric goniometer is a reliable device for measuring scapular rest positions and total 236 
excursions in each anatomical plane when a standard operating procedure is used. Further, the 237 
findings from this study indicate the electric goniometer has moderate validity to measure 238 
















IALS - KS user on 01 February 2021
 12 
Prior to data collection, we hypothesized that the measurements recorded from the 240 
electric goniometer would not exceed 10 of error compared to the 3D optical motion capture 241 
system. Though the resultant p-values evaluating for significant differences in mean values of 242 
scapular excursions were significant for each anatomical plane, the comparison of means alone 243 
is not sufficient for a complete validity analysis.24 Therefore, the we used a multistep approach 244 
to assess validity using statistics such as RMSE, average difference, and LOA.23 The threshold of 245 
RMSE was rooted in the notion that 10 of error would exceed both measurement error and 246 
minimal detectable change, such that error over 10 would indicate an invalid measurement of 247 
scapular motion. Additionally, previous literature has indicated that RMSE values above 10 is 248 
indicative of inaccurate measures of true scapular motion.8,25,26 In the current study, RMSE 249 
values were 10 or less for all planes of motion. Further, the average difference between the 250 
electric goniometer and the 3D motion capture system ranged from -7 to 4 across the three 251 
anatomical planes. Taken together, these results suggest that the electric goniometer is capable 252 
of measuring scapular motion in each anatomical plane during arm elevation with a moderate 253 
degree of accuracy.  254 
The RMSE associated with arm elevation in the frontal plane highlights a limitation with 255 
the use of a 3D optical motion capture using an AMC to capture scapular motion. The AMC 256 
represents the scapula and its motion is recorded by the 14-camera 3D optical motion capture 257 
system to represent scapular movement. A difficulty of the AMC is its placement on the 258 
posterior acromion limiting access to the scapular spine. In Figure’s 1B & 1C, the placement of 259 
the electric goniometer is limited to being placed on the medial aspect of the scapular spine 260 
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the plane of motion most affected by the AMC, was conducted to reduce the limitations of the 262 
AMC.  The correction reduced the RMSE value from 10 to 7 and increased the associated p-263 
value to 0.957, indicating no significant difference between the electric goniometer and the 3D 264 
optical system when measuring scapular motion in the frontal plane during arm elevation.  265 
There was similar error between the measurement methods during motion in the 266 
sagittal plane. The fact that there was a significant difference between methods, despite an 267 
RMSE of 9 and an average difference of 4, we suspect that accessory motion from spinal 268 
flexion and extension contributed to the overall differences in scapular measurement. Although 269 
participants were verbally instructed to not move their spine during each trial, and were closely 270 
observed during testing, it was not possible to completely eliminate the inherent motion from 271 
the spine. This concept highlights a limitation of calibrating the electric goniometer to a stand-272 
alone vertical surface (I-beam square level). To overcome this limitation in the future, we 273 
suggest that the electric goniometer be calibrated to the participant’s spine prior to measuring 274 
sagittal plane motions. This adjustment in calibration will ideally capture the inherent trunk 275 
position of the participant and account for any initial spinal offset in the sagittal plane.  276 
While each measurement recorded by the electric goniometer introduces a specific 277 
limitation, the comparison between mean excursion values recorded by the device and 278 
previous literature is encouraging. Specifically, the average scapular external rotation observed 279 
in the current study in the transverse plane (-8) is identical to the average scapular external 280 
rotation recorded by the AMC investigated by Chu et al.8 (-8) and closely similar to the value 281 
observed by McClure et al3 using bone pins (-6). In addition, the average total excursion value 282 
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excursion values using intracortical measurement techniques previously reported by Ludewig et 284 
al2 (18). These comparisons to previous literature using gold-standard techniques of 285 
measurement demonstrates promising capabilities of scapular measurement in each 286 
anatomical plane during arm elevation.  287 
A strength of this study is the examination of both the between examiner and between 288 
day reliability. Previous studies examining the clinical assessment of scapular motion have been 289 
limited to single examiner within the same day analyses, separated by 30 minutes or less27,28 or 290 
are absent from reports.13,29 This study examined the both the intra-rater reliability of the 291 
electric goniometer across two testing sessions and the inter-rater reliability within a single 292 
testing session. The average rest position and the average excursion values from the three trials 293 
of motion were analyzed for reliability. To minimize the risk of error between measurement 294 
techniques, the use of a standardized placement procedures was implemented as described in 295 
the methods section. Our results were consistent with previous investigations of digital 296 
goniometer measurement in finding that there is higher intra-rater reliability than inter-rater 297 
reliability even when a standard procedure is used.30  298 
 In the present study, the electric goniometer was found to be reliable for determining 299 
both scapular rest position (ICC2,3: 0.692-0.874) and total excursion (ICC2,3: 0.628-0.790) across 300 
an average of 9 days. There was less associated error when measuring rest position (SEM: 2-3º) 301 
than during the measurement of scapular excursions (SEM: 2-4). The decrease in ICC values 302 
and increase in SEM between rest and excursion measurement could be linked to variations in 303 
movement patterns of individuals across days. Further, the inter-rater reliability on the same 304 
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anatomical planes was higher than those reported by Watson et al. (ICC: 0.21-0.52).28 Reliability 306 
for total scapular excursion (ICC2,3: 0.545-0.724) in the present study was also higher than 307 
reported by Watson et al. (ICC: 0.23) during arm elevation.28 These results demonstrating 308 
increased of inter-rater reliability facilitate the concept that the electric goniometer is reliable 309 
when used by multiple raters within a single testing session.  310 
This study is not without limitations. First, the electric goniometer serves as a surface-311 
based assessment approach which is affected by soft tissue obstruction and movement. As 312 
reported in the literature, scapular clinical assessment is limited by the presence of soft tissue 313 
and skin movement artifact.18,21,31 This limitation was apparent during the measurement of 314 
scapular motion in the frontal plane during the condition of arm elevation, where a correction 315 
was necessary to account for an average difference of -7. Additionally, attempting to measure 316 
the scapula during sagittal plane motion may be inhibited by soft tissues bunching posteriorly 317 
during active movement. Conversely, scapular motion in the sagittal plane introduces the 318 
difficulty in palpating the scapula as it wraps around the thorax, making the prominent bony 319 
aspects on the scapula difficult to discern. As a result of this difficulty, the authors feel that 320 
either teaching videos or hands-on training with the device prior to implementation to practice 321 
or research may be necessary. Another limitation in the present study was the sample 322 
population. Participants in the current study were asymptomatic and did not have any current 323 
shoulder pathology. This highlights a constraint to the clinical application of the electric 324 
goniometer as a screening tool versus a diagnostic device based on this study. Future research 325 
should include patients with pathological shoulders to determine if scapular motion measured 326 
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Ultimately, the results from this investigation demonstrate that the IMU equipped 328 
electric goniometer is a reliable and moderately valid device to measure scapular motion in 329 
each anatomical plane during arm elevation in a healthy population. The degree of error 330 
associated with the device when measuring scapular motion excursions is dependent on the 331 
presence of soft-tissue and palpation restrictions. The authors recommend that a clear and 332 
defined standard operating procedure be used when scapular measurements are taken 333 
between examiners. This information provides evidence of a clinically portable and consistent 334 
device to objectively measure scapular motion in the clinical setting.  335 
 336 
















IALS - KS user on 01 February 2021
 17 
References: 338 
1.  Halder AM, Itoi E, An KN. Anatomy and biomechanics of the shoulder. Orthop Clin North 339 
Am. 2000. doi:10.1016/S0030-5898(05)70138-3 340 
2.  Ludewig PM, Phadke V, Braman JP, Hassett DR, Cieminski CJ, Laprade RF. Motion of the 341 
shoulder complex during multiplanar humeral elevation. J Bone Jt Surg - Ser A. 342 
2009;91(2):378-389. doi:10.2106/JBJS.G.01483 343 
3.  McClure PW, Michener LA, Sennett BJ, Karduna AR. Direct 3-dimensional measurement 344 
of scapular kinematics during dynamic movements in vivo. J Shoulder Elb Surg. 345 
2001;10(3):269-277. doi:10.1067/mse.2001.112954 346 
4.  Warner J, Micheli L, Arslanian L, Kennedy J, Kennedy R. Scapulothoracic Motion in 347 
Normal Shoulders and Shoulders With Glenohumeral Instability and Impingement 348 
Syndrome. Clin Orthop Relat Res. 1992;(285):191-198. doi:10.1097/00003086-349 
199212000-00024 350 
5.  Kibler W, Ludewig PM, McClure PW, Michener LA, Bak K, Sciascia AD. Clinical implications 351 
of scapular dyskinesis in shoulder injury: The 2013 consensus statement from the 352 
“scapular summit.” Br J Sports Med. 2013;47(14):877-885. doi:10.1136/bjsports-2013-353 
092425 354 
6.  Ludewig PM, Reynolds J. The Association of Scapular Kinematics in Glenohumeral Joint 355 
Pathologies. J Orthop Sport Phys Ther. 2009;39(2):90-104. 356 
doi:10.2519/jospt.2009.2808.The 357 
7.  Lawrence RL, Ellingson AM, Ludewig PM. Validation of single-plane fluoroscopy and 358 
















IALS - KS user on 01 February 2021
 18 
2018;52:69-75. doi:10.1016/j.medengphy.2017.11.005 360 
8.  Chu Y, Akins J, Lovalekar M, Tashman S, Lephart S, Sell T. Validation of a video-based 361 
motion analysis technique in 3-D dynamic scapular kinematic measurements. J Biomech. 362 
2012;45(14):2462-2466. doi:10.1016/j.jbiomech.2012.06.025 363 
9.  Von Eisenhart-Rothe R, Hinterwimmer S, Graichen H, et al. MR-based 3D-analysis of the 364 
pathomechanics of traumatic and atraumatic shoulder instability. Z Orthop Ihre 365 
Grenzgeb. 2005. doi:10.1055/s-2005-836747 366 
10.  Karduna AR, McClure PW, Michener LA, Sennett B. Dynamic measurements of three-367 
dimensional scapular kinematics: A validation study. J Biomech Eng. 2001;123(2):184-368 
190. doi:10.1115/1.1351892 369 
11.  Uhl T, Kibler W, Gecewich B, Tripp B. Evaluation of Clinical Assessment Methods for 370 
Scapular Dyskinesis. Arthrosc - J Arthrosc Relat Surg. 2009;25(11):1240-1248. 371 
doi:10.1016/j.arthro.2009.06.007 372 
12.  Kibler W, Ludewig P, McClure P, Michener L, Bak K, Sciascia A. Clinical implications of 373 
scapular dyskinesis in shoulder injury: The 2013 consensus statement from the “scapular 374 
summit.” Br J Sports Med. 2013;47(14):877-885. doi:10.1136/bjsports-2013-092425 375 
13.  Johnson MP, McClure PW, Karduna AR. New method to assess scapular upward rotation 376 
in subjects with shoulder pathology. J Orthop Sports Phys Ther. 2001;31(2):81-89. 377 
doi:10.2519/jospt.2001.31.2.81 378 
14.  Scibek JS, Carcia CR. Validation of a new method for assessing scapular anterior-posterior 379 
tilt. Int Sournal Sport Phys Ther. 2014;9(5):644-656. 380 
















IALS - KS user on 01 February 2021
 19 
Philadelphia, PA: FA Davis Company; 2015. doi:10.1017/CBO9781107415324.004 382 
16.  McClure P, Tate AR, Kareha S, Irwin D, Zlupko E. A Clinical Method for Identifying 383 
Scapular Dyskinesis, Part 1: Reliability. J Athl Train. 2009;44(2):160-164. 384 
doi:10.4085/1062-6050-44.2.160 385 
17.  Tate AR, Mcclure P, Kareha S, Irwin D, Barbe MF. A Clinical Method for Identifying 386 
Scapular Dyskinesis, Part 2: Validity. www.nata.org/jat. Accessed October 17, 2019. 387 
18.  Larsen CM, Juul-Kristensen B, Lund H, Søgaard K. Measurement properties of existing 388 
clinical assessment methods evaluating scapular positioning and function. A systematic 389 
review. Physiother Theory Pract. 2014;30(7):453-482. 390 
doi:10.3109/09593985.2014.899414 391 
19.  Silverson OA, Cascia NG, Hettrich CM, Hoch M, Uhl TL. Reliability of Clinical Assessment 392 
Methods to Measure Scapular Upward Rotation: A Critically Appraised Topic. J Sport 393 
Rehabil. 2018;28(6):650-655. doi:10.1123/jsr.2018-0012 394 
20.  Wu G, Van Der Helm FCT, Veeger HEJ, et al. ISB recommendation on definitions of joint 395 
coordinate systems of various joints for the reporting of human joint motion - Part II: 396 
Shoulder, elbow, wrist and hand. J Biomech. 2005;38(5):981-992. 397 
doi:10.1016/j.jbiomech.2004.05.042 398 
21.  Bet-Or Y, Van Den Hoorn W, Johnston V, O’Leary S. Reliability and validity of an acromion 399 
marker cluster for recording scapula posture at end range clavicle protraction, retraction, 400 
elevation, and depression. J Appl Biomech. 2017;33(5):379-383. doi:10.1123/jab.2017-401 
0058 402 
















IALS - KS user on 01 February 2021
 20 
or the parts? Validity, reliability, and responsiveness of the Disabilities of the Arm, 404 
Shoulder and Hand outcome measure in different regions of the upper extremity. J Hand 405 
Ther Off J Am Soc Hand Ther. 2001;14(2):128-146. 406 
23.  Bland D, Altman J. Statistical Methods for Assessing Agreement Between Two Methods 407 
of Clinical Measurement. Lancet. 1986;8(1):307-310. doi:10.1016/j.ijnurstu.2010.03.004 408 
24.  Daly L., Bourke G. Interpretation and Use of Medical Statistics. 5th ed. Oxford: Blackwell 409 
Science Ltd.; 2000. 410 
25.  Duprey S, Billuart F, Sah S, et al. Three-dimensional rotations of the scapula during arm 411 
abduction: Evaluation of the acromion marker cluster method in comparison with a 412 
modelbased approach using biplanar radiograph images. J Appl Biomech. 413 
2015;31(5):396-402. doi:10.1123/jab.2014-0244 414 
26.  Lempereur M, Brochard S, Leboeuf F, Rémy-Néris O. Validity and reliability of 3D marker 415 
based scapular motion analysis: A systematic review. J Biomech. 2014;47(10):2219-2230. 416 
doi:10.1016/j.jbiomech.2014.04.028 417 
27.  Steven Tucker W, Lyndsey Ingram R. Reliability and validity of measuring scapular 418 
upward rotation using an electrical inclinometer. J Electromyogr Kinesiol. 2012;22(3):419-419 
423. doi:10.1016/j.jelekin.2012.02.013 420 
28.  Watson L, Balster SM, Finch C, Dalziel R. Measurement of scapula upward rotation: A 421 
reliable clinical procedure. Br J Sports Med. 2005;39(9):599-603. 422 
doi:10.1136/bjsm.2004.013243 423 
29.  De Groef A, Van Kampen M, Vervloesem N, et al. Inter-rater reliability of shoulder 424 
















IALS - KS user on 01 February 2021
 21 
230. doi:10.1016/j.physio.2016.07.002 426 
30.  Mullaney MJ, McHugh MP, Johnson CP, Tyler TF. Reliability of shoulder range of motion 427 
comparing a goniometer to a digital level. Physiother Theory Pract. 2010;26(5):327-333. 428 
doi:10.3109/09593980903094230 429 
31.  Meskers CGM, van de Sande MAJ, de Groot JH. Comparison between tripod and skin-430 
fixed recording of scapular motion. J Biomech. 2007. doi:10.1016/j.jbiomech.2006.02.011 431 
 432 
















IALS - KS user on 01 February 2021
 22 
Legends to figures: 434 
Figure 1: 435 
1A: Identification of one third of the distance between the root of the scapular spine 436 
and the posterior acromial angle. 437 
1B: Orientation of the electric goniometer to measure scapular motion in the frontal 438 
plane. 439 
1C: Orientation of the electric goniometer to measure scapular motion in the transverse 440 
plane. 441 
1D: Orientation of the electric g.oniometer to measure scapular motion in the sagittal 442 
plane. Inset: calibration to sagittal plane 443 
Figure 2: Measurement of scapular motion in the frontal plane during arm elevation to 120° in 444 
the scapular plane. 445 
Figure 3: Standardized marker set up for 3D optical motion capture. Scapular and thorax joint 446 
coordinate system with positive motion in the direction of the arrows. 447 
Supplemental Figure 1: Bland-Altman plot depicting the average difference and limits of 448 
agreement (LOA) of the electric goniometer to measure scapular excursion in the frontal plane. 449 
Dotted line: average difference (-7) ; solid lines: LOA (7 & -21). 450 
Supplemental Figure 2: Bland-Altman plot depicting the average difference and limits of 451 
agreement (LOA) of the electric goniometer to measure scapular excursion in the transverse 452 
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Supplemental Figure 3: Bland-Altman plot depicting the average difference and limits of 454 
agreement (LOA) of the electric goniometer to measure scapular excursion in the frontal plane. 455 
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(Downward rotation +) 
-3 ± 6 -2 ± 5 0.692 3 7 
Transverse 
(Internal rotation +) 
30 ± 7 30 ± 7 0.805 3 7 
Sagittal 
(Posterior tilt +) 
-26 ± 7 -28 ± 7 0.874 3 6 
Total excursion 
Frontal 
(Downward rotation +) 
-19 ± 7 -19 ± 6 0.701 4 9 
Transverse 
(Internal rotation +) 
-5 ± 4 -5 ± 3 0.628 2 5 
Sagittal 
(Posterior tilt +) 
18 ± 6 20 ± 6 0.790 3 7 
All units are in degrees with exception of ICC values.  
a 
SD: Standard Deviation 
b 
ICC: Intraclass Correlation Coefficient 
c 
SEM: Standard Error of Measure 
d 
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Table 2: Inter-Rater Reliability Between Two Raters in a Single Testing Session 
Anatomical plane 
Rater 1  
mean ± SDa 
Rater 2  






(Downward rotation +) 
-1 ± 5 -2 ± 5 0.833 3 8 
Transverse 
(Internal rotation +) 
30 ± 7 30 ± 7 0.912 4 9 
Sagittal 
(Posterior tilt +) 
-24 ± 6 -28 ± 7 0.841 3 7 
Total excursion 
Frontal 
(Downward rotation +) 
-22 ± 7 -19 ± 6 0.724 4 9 
Transverse 
(Internal rotation +) 
-6 ± 4 -5 ± 3 0.545 4 8 
Sagittal 
(Posterior tilt +) 
19 ± 6 20 ± 6 0.703 5 11 
All units are in degrees with exception of ICC values.  
a SD: Standard Deviation 
b ICC: Intraclass Correlation Coefficient 
c SEM: Standard Error of Measure 
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Table 3: Comparison Between Total Excursion Values Recorded by the EasyAngle and the 















(p ≤ 0.017) 
Frontal 
(Downward rotation +) 




(Downward rotation +) 
-30 ± 6 -30 ± 7 0 7 0.960 
Transverse 
(Internal rotation +) 
-8 ± 5 -6 ± 7 2 7 0.015 
Sagittal 
(Posterior tilt +) 
18 ± 7 22 ±7  4 9 <0.001 
All units are in degrees with exception of significance values.  
a 
SD: Standard Deviation 
b 
RMSE: Root Mean Square Error 
c
 Sig: Significance level accounting for the Bonferroni correction (Alpha ≤ 0.017) 
d 
Corrected Frontal: A correction of -7º added to the mean scapular excursion recorded by the 
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